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CHEM 
A. Introduction LIBRAM 


Alkylidenetrialkyl- (or aryl-) phosphoranes, more commonly called phosphorus 
y lids, as a class contain almost all known pentavalent organophosphorus compounds 
with only carbon bonded to the phosphorus atom. The term y/id as applied to these 
compounds is somewhat of a misnomer, for in contrast to the nitrogen ylids (I), the 
phosphorus ylids (II) are actually a resonance hybrid between the ylene form (Ila) 
and the ylid form (IIb), but more closely resemble Ila than IIb. Strictly speaking, 


+ _ 
‘ne Se , 5 _ . DpD_rp! 
by N b. [tY2r-= ip * + ith Cae 


_ 


then, these alkylidenephosphoranes should be called y/enes instead of ylids. 

The investigations of phosphorus ylids circumscribe a broad range, but for the 
most part have been limited to alky lidenetriphenylphosphoranes (III) because they 
are the only ylids which have found synthetic use, namely, in the Wittig reaction. 
Consequently, this article will be limited primarily to a discussion of alkylidenetri- 


phenylphosphoranes, but it must be remembered that, with few exceptions, the 
statements also apply to other members of the series. 


B. Methods of Preparation 


Phosphorus ylids have been prepared by several methods, none of which is com- 
ane general. 

. From Phosphonium Salts (1).—This most nearly general preparation of ylids 
consists in removal of a proton from the z-carbon atom of an alkyltriphenylphos- 
phonium salt by nucleophilic attack of a base. 


(CgHe)sPCHA, + “BI + BH 
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The base must be very strong for ylids which have little stabilization of the ylid 


form IIb (2). 


(OgHs) 3PCH3 Br + CgHsL! — (QgHs5)3P=CHo+CeHe + LiBr 
IV 


A very mild base is satisfactory for many highly stabilized ones (3, 4). 


s 
2 (CgH.) 3 PCH,COC gH, Br + No,CO3 —> 2 (CgHe)sP=CHCOGHet HO + 
CO, + 2 NoBr 


_N NFQOH in in 
Se oe 


2. From Triphenyldihalophos phoranes.—Triphenyldichlorophosphorane (V) with 
reactive methylene compounds in the presence of a tertiary amine yields the cor- 
responding ylid (5). 


(CgHe)3PC Ip + CH (COOCoHs)_ + 2 (C3He) 3N-—> 
v 
(CgHe)3P=C(COOG;He) 5 + 2(CoHs) 3N-HC| 


81% 


3. From Carbenes.—In two very recent communications (6, 7), triphenylphos- 
phine has been found to react with dichloro- and other carbenes, yielding ylids. 


4. From Phos phazines.—Staudinger and his co-workers (8) actually prepared the 
first phosphorus ylid, VII, with the discov ery that pentaphenylphosphazine (VI), 
prepared from triphenylphosphine and diazodiphenylmethane, on heating, split 
out nitrogen. 


I85° 
(GgHe)3P + (CgHe)CNo—— nee Ga 


(CgHe) (CgHe) 5 
aval 


In most other cases, however, Staudinger found that, on heating, the phosphazine 
merely gave back its components (g, 10). 


(CgHg) gP=N-N=CHCOOG,H,—"> (CgHa)3P + NyCHCOOCSHe 


This method no longer has any practical significance, because these types of ylids 
are more easily reached via the phosphonium salt (Method 1). 


C. Stability 


Generally speaking, the stability of phosphorus ylids corresponds directly to the 
resonance stabilization afforded the separate charges of the ylid form IIb (11) 





Ramirez (3, 12) has classified phosphorus ylids into three groups, based on the 
anion charge stabilization. Type 1 ylids have the charge incorporated into the 
x electron cloud of an aromatic system, e.g., VIII (11). Type 2 ylids have the 
charge stabilized as a part of an aromatic sy ster, e.g., IX (13), or as a part of some 
other mesomeric system, e.g., ¥ 


1 + qo 4 oo 
- ANP GHe)s No 
(CeHe) aP4-] ff T-] 
Wi OH x 
IX 
(C,H 5) 3 = CHO, H (C,H), P=CHCH, 
XI XI 
Any anion charge stabilization that ye 3 ylids may possess is only va con- 
jugated groups, e.g., XI ( (2, 14) or met . The st: ability ‘decreases as one goes from 


‘ 


Type 1 through Type 2 to Type 3. 
D. Reactions 


1. The Wittig Reaction.—The best- “wr reaction of phosphorus ylids was dis- 
covered by and named after Wittig (2). In this reaction, the ylid reagent reacts with 
a carbonyl compound, giving a net effect of exchange of the alky lidene and the OXy- 
gen groups, to yield an olefin and tripheny Iphosphine oxide. It is generally accepted 
that the mechanism involves nucleophilic attack by the ylid on the carbony] car- 
bon atom, with a betaine (XIII) as an intermediate. 


ry 
OF PIC.H.) 
/ \ vA % 935 \ / 
XI 


Although the reaction proceeds with almost any carbonyl] compound, the nature 
of the ylid is severely limited, as alkylidenetriaryl- (in practice, triphenyl- ) phos- 
phor: ines (IIT) are the only reagents used. In adc lition, the nature of the alkylidene 
moiety 1s important. In general, the more resonance- — the anion, the less 
likely reaction with carbonyl compounds will occur (11). Thus, only the more re- 
active members of Type 3 undergo the Wittig aaa. e.g., VIT will not react, 
whereas - reacts only with aldehydes and very reactive ketones (e.g., Michler’s 
ketone) ( : 

In ni . these broad limitations, the Wittig reaction has been widely accepted 
and is used in many different areas of organic chemistry, primarily because it is 
much superior to previously available methods for bringing about the same con- 
version. Since there are several excellent review articles (16-20) on the Wittig re- 
action, only a few important recent applications will be mentioned. 


Aldehyde Syntheses ce. ee a 
pos - Ce igLi Li 


d C=0 \ hyd 
P=CHOCH, <—> ‘C=CHOCH, atin HCHO 


XTV 


(C.H,.) 


6 53 
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Recently, it has been observed (28) that when the ylid methylene carbon atom 
has a hydrogen atom, 1ts migration to nitrogen occurs during the reaction with 
phenyl isocyanate, probably as the betaine intermediate. The rearrangement, in- 
stead of leading to fission of the betaine, leads to a new, more stable y lid. 


's 


H3 
XIL + CeHsNCO—= |( [ICH }sP— C5 a] 5 (CgHs) 3P= o's 
m ENGHs CONHG,He 


Staudinger’s diphenylmethylenetriphenylphosphorane, VII, also has been shown 
(29) to react with nitrosobenzene. 


VI + CgHsNO —> (CgHe)C=NGgHe + CeHe)aPO 
3. Oxidation. Autoxidation of oxygen-sensitive ylids leads to symmetrical ole- 
fins (30). 


XI 
XT + 02——* (CgHg) 3PO + CgHsCHO——> (GHe)sPO + GHSCH=CHC Hs 
55% 


Oxidation of “weakly basic”’ (1.e., highly resonance-stabilized) ylids by peracetic 
acid also leads to symmetrical olefins (31). 


2 (CgHe) 3P=CHCOCH; + 2 CHsCOJH—* 2 (CgHe) PO + 2CH,COOH+ 
CH3COCH=GHCOCH 


Il. Pentacovalent Phosphorus Compounds 


Only two examples of compounds with five P-C bonds have appeared in the litera- 


ture, XVI (32) and XVII (33). The method used to prepare XVII appears to be 


(CgHe)gP 


R 
CY IO 
Ces 
XVIL 


quite general, although no further examples have yet appeared in the literature. 
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Note: The subject matter contained in this Budletin is for information only, 
and none of the statements contained herein should be considered as a recom- 
mendation for the manufacture or use of any substance, apparatus, or method 
in violation of any patents now in force or which may issue in the future. 











